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Abstract
Objective To record the endocochlear potential (EP) and calculate potassium concentration [K + ] in
Minipig cochleae. Methods We used multi-barreled electrodes to measure the EP and the potential, [K + ].
EP and potassium electrode recording were made in 9 cochleae from 5 minipigs to get normal EP values.
Results The average EP value in the cochlea from the minipigs was 77.3 ± 14 mV. The average [K+] for the
minipigs was 147.1 ± 13 mM. Conclusions The EP and potential, [K + ] in minipigs are lower than in the
human and rodents. This may be the reason why porcine ABR thresholds are slightly higher than humans
and rodents.
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Introduction
The cochlea of the inner ear is filled with two types of
extracellular fluid-the perilymph and endolymph. The
endolymph contains a high level of [K+], as compared to
the perilymph or blood plasma which contains a low level
of [K+] [1]. Hair cells, the receptors for hearing, lie on the
basilar membrane with their apical surfaces exposed to
the endolymph and their basolateral surfaces to the peri-
lymph. Vibration of the basilar membrane opens mecha-
nosensitive channels in hair-cell stereocilia. The ensuing
K+ influx from the endolymph excites the cells [2]. The
endocochlear potential (EP) enhances the sensitivity of
hair cells that amplifies the motility of hair bundles [3, 4].
Inhibition of the EP [5] causes hearing loss.
At present, research has provided many details about
the EP and the potential, [K + ] in mouse, cat and guinea
pig even the human [6-8], but there is not yet a report on
EP and potential [K+] in minipigs. In this study, we
simultaneously measured the electrical potential, [K + ]
and EP in the minipig cochlea.
Materials and Methods
Animals:Care and use of the animals in this study were
approved by the ChongqingAcademy ofAnimal Science.
Double barreled potassium electrode preparation:
The glass pipettes (1.5 mm diameter) were cleaned first
by immersing in nitric acid for 24 hours and then
washed with deionized water for 2-3 hrs. The pipettes
were then transferred into a clean glass beaker baking in
100ºC oven for 2-3 hrs and cooled down at room temper-
ate. The double barreled glass pipettes were hand-made
by tightening up two single glass pipettes together with
copper wires.Then the double-barred pipette was pulled
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on an up-right glass micropipette puller (PE-2, Nar-
ishige). The tips of the electrode were broken to an
outer diameter of 1-2 µm. ne pipette for the ion-selec-
tive barrel was silanized with dichlorodimethylsilane
vapors and the electrode was baked in oven at 145°C
for 2 h. After the electrode cooled down at room tem-
perature, the silanized barrel was first filled with 150
mMKCl. Then under the microscope, using a cus-
tom-made device, the K ligand (IE-190, World Precision
Instruments) was sucked into the tip of the silanized bar-
rel for about 200 µm deep (air bubbles were carefully
avoided during this procedure). The reference barrel
(for EP recording) was filled with 0.5 M NaCl.
The electrode was then mounted on a motorized
micromanupulator (PC-N5, Narishige) for calibration.
The solution for the K electrode was contacted with an
Ag-AgCl wire and its output was connected to a high
impedance microelectrode amplifier (JL-H2003, Shang-
hai, China). The electrodes were calibrated at 37° C in
series solutions of KCl and NaCl (total 150 mM) that
had [K+] at 1, 5, 25, 50, 100 and 150 mM. Then the read-
outs were recorded and printed using the GraphPad
Prism software. The slope of a linear regression curve
best fitting the readouts was calculated as the potassium
responding factor based on the following formula
(Formula 1):
V = V0 + S× Log 10 [K+]
In the formula, V is the voltage readout, S is the slope
of the potassium responding factor (mV/decade) and the
[K+] is the concentration of the calibration solution. On-
ly the electrodes with the slope at or above 50 mV/de-
cades were used in further potassium tests.
Exposure of the cochlea:Minipigs were anesthetized
with chloral hydrate (0.4 g/kg, intraperitoneal) and the
body temperature was maintained at 37 ºC. The head
was fixed in a stereotaxic frame or a fixing pole using
dental cerement. The bulla of the temporal bone was
exposed by a ventrolateral approach. The bone on the
surface of the cochlea near the second turn was thinned
using a custom blade. Then a small hole was made using
a custom tool without causing the leakage of endolymph
for EP and potassium concentration measures.
EP and potassium electrode recording:During the
recording, the double barreled electrode was mounted on
the motorized micromanupulator and advanced through
the hole made on the surface into the stria vascularis of
the cochlea. The outputs of the double barreled elec-
trode, one from the K electrode and one from the EP
electrode, were connected to a two-channel high imped-
ance amplifier (SWF-1D, Chengdou, China). An Ag-Ag-
Cl electrode was inserted in the neck muscle and used as
the reference electrode. The readout was monitored on
the digital display of the amplifier and on an oscillo-
scope. Once the tip of the electrode touched the surface
solution of the cochlea, the readouts for each channel
were adjusted to zero. Then the electrode was slowly ad-
vanced into the scala media in a 10 µm step and the read-
out of the reference electrode was carefully monitored.
Once the EP electrode showed an abrupt jump to a posi-
tive number, the electrode was considered as having
reached to the endolymph. A couple of steps were added
further into the scale media until the readout stabilized.
Then the electrode was stopped and readout of both elec-
trodes was recorded for calculation of [K + ] and the EP.
Then the electrode was withdrawn from the scale medi-
um. The opening of the bulla was filled with 150 mM
KCl calibration solution for onsite calibration. The [K+]
for each animal was calculated based on the potassium
responding factor and the onsite calibration readout using
formula 1.
Results
Potential recording in minipigs. Nine cochleae from
five pigs were examined. There was a negative shift of
4-5 mV when the electrode tip pierced the stria vascu-
laris. This negative potential was variable and did not
stay at a constant level when the microelectrode was
held still. On further advancement of the microelectrode,
there was sudden appearance of strong positivity at the
electrode tip. The magnitude of this positive potential
was between 60 and 70 mV in the minipigs and slightly
lower in rodents animals. Undoubtedly this positive poten-
tial was the EP.
Figure 1 shows the record of the EP. The presence of
the initial negative shift prior to the appearance of the
endocochlear potential is evident. It is also clear that the
potential in the endolymph does not vary when the elec-
trode is moved within the endolymphatic space. On with-
drawal of the electrode, the potential drops to zero.
As showed in Figure 2, endocochlear potentials were
recorded in the second turn. The electrode is passed
from the spiral ligament into the endolymph through the
stria vascularis.
In recordings from 9 ears, the mean EPs recorded
from second loci was 77.3 ± 14 mV. The average [K + ]
were 147.1 ± 13 mM. These values were lower than in
the human and rodents.
Discussion
The EP is important in providing about half of the
driving potential for the hair cell receptor current, while
the composition of endolymph is important in the co-
chlea’s salt and water balance, which in turn determines
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the static pressure bias on the hair cells, and therefore
the saturation of their receptor current and hearing
threshold [9]. Our data show that the EP and potential,
[K+] in minipigs are lower than in the human and rodents.
We have previous reported that the ABR thresholds in
minipigs are slightly higher than humans and rodents [10].
Our observation in this study may have explained why
so. So why do mammals have such a high EP? There are
two possible reasons: inner hair cells (IHCs) need the
high EP for neurotransmission, and/or outer hair cells
(OHCs) need it for their active roles in enhancing cochlear
vibration.
In this study, we passed a double-barreled K-selective
electrode through the stria vascularis. With these elec-
trodes we can simultaneously measure the EP and K con-
centration in all the compartments the electrode passes
through. There is a negative shift of 4-5 mV when the
electrode tip pierces the stria vascularis. Once the EP
electrode shows an abrupt jump to a positive number, it
suggests that the electrode has reached to the endolymph
in the scale media, as Fig 1 shows.
Another observation in this study is that EP is variable
in magnitude along the length of the cochlea from the
base to apex. EP is at its highest in the basal turn and de-
creases in magnitude towards the apex [11]. In the mini-
pig, the EP is 77.3 mV in turn II. We have yet to record
EP in the basal turn and apex.
In summary, in this study, we used multibarreled elec-
trodes to measure the EP and the potential, [K+] in minip-
igs, and showed that the EP and potential, [K+] in mini-
pig are lower than in the human and rodents. Our work
should help lay a foundation for future studies on hear-
ing in pigs.
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Figure 3. The EP and potential, [K+] in minipigs
Figure 2. An example electrode track passing from the spiral
ligament into the endolymph through the stria vascularis.
Figure 1. Continuous recording as a glass pipette electrode is
slowly pushed into the scala media of a minipig. Arrows indicate
start of EP recording.
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